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Abstract 
Bionic coupling bit has much advantage, such as high drilling efficiency and long life. In order to research on the matrix wear 
resistance of bionic coupling bit, based on the bionic coupling theory, 9 samples were designed and processed according to 
orthogonal test table, and then the abrasion ratio of each sample was tested. With extreme difference analysis method the test data
was analyzed, the results showed that the non-smooth shape has an important impact on wear resistance of matrix, and the 
primary factor is non-smooth ratio, and then diameter of bionic unit and diamond concentration. The optimal combination is 
A1B2C3 that is non-smooth 9%, pit diameter 1.5mm and diamond concentration 125%. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of Geological Engineering Drilling Technology. 
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1. Introduction 
In recent years, along with rapid development of national economy and urbanization process, these resources like 
oil and gas prospecting are been in force, and diamond bits which have excellent impact resistance and wear 
resistance are used widely. The diamond bit is demanded for high efficiency and long life, in order to solve the both 
problems, many researchers have made much effort, such as changing the material of matrix, and ameliorating the 
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processing method, and selecting high quality diamond, and so on. The most successful invention was the 
development of bionic bit, which was proved to have both high efficiency and long life in practice [1-2]. Basing on 
bionics study, Ren etc.[3] found that the non-smooth creature surface analysis showed that the wear performance was 
affected by many factors such as morphology, structure, material and so on[4-5]. The non-smooth coupling surfaces 
of creatures mainly have the performances of wear, resistance reduction, desorption, noise reduction and so on [6].  
2. Ternary Coupling Element Design 
2.1. Non-smooth Coupling Element Design  
The convex non-smooth shape almost exists in the interface between the animal surface and the place where soil 
compaction and heavy friction exist. Take the dung beetle for example (Fig.1), the bulldozing plate of its head can 
excavate the soil like an excavator. Its fore feet have evolved into the digging ones which can pull the soil back with 
great force. The convex closures (Fig.2) are distributed in the bulldozing plate of its head, which can not only 
reinforce the excavation capacity of its head but also reduce the contact area during the relative movement in the soil. 
Thus the high efficiency, wear and resistance reduction can be obtained. 
 
 
 
 
 
 
 
 
 
 
The concave non-smooth shape almost exists in the site where the soil is loose with low cohesion and interface 
pressure. When the dung beetle excavates the soil, the loose soil will drop on its cuirass tergum where the concave 
pits are distributed (Fig.3). The concave pits can reduce the contact area [7-8]. Furthermore, the gas or liquid can play 
a great role in lubrication and temperature transfer. Thus the reductions of viscosity, resistance and wear can be 
reached. 
The concave pits and convex closures form the non-smooth shape of creature surface, evolved for adaptation to 
different survival environment. They have different contact types. The bit needs not only the high rock-breaking 
capacity but also the strong wear and low resistance during rock-breaking process. Thus it is conceived that the bit 
can be developed by coupling micro convex non-smooth material (diamond) and macro smooth pit, which may lead 
to the high efficiency and strong wear. The former tests showed that the non-smooth shape of bottom surface is the 
most important factor to affect the bionic coupling diamond bit. 
2.2. Material Coupling Element Design 
The work layer material was composed of matrix material and bionic non-smooth material (micro convex and 
macro pit). The matrix formula was made up of WC, 40%; YG6, 15%; Ni, 5%; Mn, 5%; 663Cu, 30%. And the 
bionic micro convex material was artificial diamond. 
2.3. Coupling Element Design of Self-generation Structure 
There was only one layer in the conventional bit cutting teeth, which would be useless after wear. So the self-
generation bionic non-smooth structure was developed, which could be divided into the fixed self-generation bionic 
non-smooth structure (Fig.4) and the alternate self-generation bionic non-smooth structure (Fig.5).  
Fig. 1 Dung Beetle Fig. 2 Micrograph of Dung BeetleHead. Fig. 3 Micrograph of Dung BeetleTergum 
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The fixed self-generation bionic non-smooth structure means that the non-smooth of concave pits or convex 
closures in component surface would regenerate after wear and tear. The alternate self-generation bionic non-
smooth structure meant the non-smooth concave pits (or convex closures) in component surface could produce the 
non-smooth convex closures (or the concave pits), and the concave pits and convex closures would occur alternately. 
The two self-generation non-smooth structures would be coupled in this paper. The micro convex shape was 
designed to be the alternate self-generation and realized by diamond particles. The macro concave shape was 
designed to be the fixed self-generation and realized by graphite synthetic resin. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Design and Processing of Bionic Samples 
3.1. Design of Bionic Samples 
When designing the size of sample, these factors must be considered: the length of sample must be less than the 
width of grinding wheel; the abraded sample must be remained for certain width to insure the accurate result. So the 
size of sample was decided as 12 mm×8 mm×10mm. the width of including diamond layer was 4mm, shown as 
fig.6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4  Alternate Self-generation 
Non-smooth Structure of Bit Work Layer. 
1. diamond convex material; 2. matrix material. 
Fig. 5  Fixed Self-generation Non-smooth Structure of 
Bit Work Layer.                    
 1. pit material; 2. diamond and matrix. 
1 
2 
3 
Fig.6 Schematic of Bionic Sample 
1-bionic unit; 2-work layer; 3-Gripping portion 
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In order to study the influence non-smooth shape to wear of bit matrix, three factors were selected: non-smooth 
ratio, diameter of pit and diamond concentration. The orthogonal test method was introduced for reducing the 
numbers of experiment. Table.1 is shown the factors and levels. 
                                   Table.1 Factors and Levels 
Level factor 
A non-smooth/%     B diameter of pit /mm C diamond concentration/% 
1 9 1 75 
2 13 1.5 100 
3 17 2 125 
3.2. Processing and Sintering of Bionic Samples 
According to the orthogonal test, this experiment needs to manufacture 9 samples. After fixing the mould, matrix 
dust including diamond was encased into the mould, and then matrix dust excluding diamond was encased. At last, 
these samples were sintered by sintering furnace. Sintering parameters are selected as: sintering temperature is 
960ć, the pressure is 150 kgf/cm2 and the time of heat preservation is 5 minutes. 
4. Wear Resistance Test of Samples 
According to the test standard of artificial diamond sintered body, the abrasion ratio of bionic samples was tested 
for finding optimal bionic unit diameter. The testing machine was DHM-2 abrasion ratio analyzer made in china.  
After cleaned, these bionic samples were dried, and the weight of every bionic sample was weighed by use of 
analytical balance, and then the weight of grinding wheel was weighed. After the end of the test, the weight of 
bionic sample and grinding wheel was weighed again, and All of these was to calculate abrasion ratio. The wear 
amount of grinding wheel should not less than 25g, and the wear amount of bionic sample not less than 0.2mgǄ 
According to the Table.1, this experiment was three factors and three levels experiment, so the L9 (34) 
orthogonal test table was selected. The test scheme was shown as Table. 2. 
                   Table.2  Test Scheme and Results 
number non-smooth ratio(A) diameter of pit(B) diamond concentration(C) Abrasion ratio(E) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 (9%) 
1 (9%) 
1 (9%) 
2 (13%) 
2 (13%) 
2 (13%) 
3 (17%) 
3 (17%) 
3 (17%) 
1 (1) 
2 (1.5) 
3 (2) 
1 (1) 
2 (1.5) 
3 (2) 
1 (1) 
2 (1.5) 
3 (2) 
1 (75%) 
2 (100%) 
3 (125%) 
2 (100%) 
3 (125%) 
1 (75%) 
3 (125%) 
1 (75%) 
2 (100%) 
371.1 
618.7 
543.3 
266.5 
416.6 
422.9 
344.1 
316.1 
394.0 
Ej1            1533.1          981.7         1110.1 
Ej2           1106            1351.4        1279.2 
Ej3           1054.2           1360.2        1304 
E j1            511.03           327.23        370.03 
E j2            368.67           450.47        426.40 
E j3            351.40           453.40        434.67 
level difference Rj       159.63           126.17         64.64 
optimal level           A1               B2           C3 
primary and secondary factors             A B C 
optimal combination                    A1B2C3 
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The size of grinding wheels were same, and the diameter of grinding wheel was abraded from 100mm to 
60mmˈthe test was over, and the testing time was recorded. 
 
 
 
 
 
 
 
 
 
 
 
 
According to Fig.7 and Table.2, the non-smooth shape had an important impact on wear resistance of matrix. 
Based on orthogonal table comparability, using extremum difference analysis the data is analyzed. The result 
showed that the most important factor influencing wear resistance of matrix is non-smooth shape, and the optimal 
combination was A1B2C3. 
According to Fig.8, the factors had certain influences on testing time, but the rule was unconspicuous. However, 
when non-smooth ratio was same, the testing time was longer and longer as diamond concentration increased. In 
addition, the sample 8 abrading grinding wheel was the fastest, but its abrasion ratio was not the largest. So each 
factor should be considered when designing the bionic bit. 
5. Conclusions 
(1) The non-smooth shape had an important impact on wear resistance of matrix, and the primary factor was non-
smooth ratio, and then diameter of pit and diamond concentration. The optimal combination was A1B2C3 that is 
non-smooth 9%, pit diameter 1.5mm, diamond concentration125%. 
(2) The wear velocity between the samples and grinding wheels was different, and the rule was unconspicuous. 
However, when non-smooth ratio was same, the wear velocity was slower as diamond concentration increased. So 
Every factor should be considered when designing the bionic bit. 
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Fig.7  Test Results of Abrasion Ratio 
Abra- 
sion 
ratio 
 
Experiment number 








        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